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Abstract 
Quinoa has gained an increasing interest in recent years due to its nutritional value as well as its antioxidant capacity 
and phytochemical content. The objective of this work was to determine the physico-chemical properties, vitamins 
(B1, B2, B3 and E) and the antioxidant activity of six ecotypes of quinoa (Chenopodium quinoa Willd) cultivated in 
three quinoa production zones in Chile (North Highlands, Center and Southern Chile). The samples are called 
Ancovinto and Cancosa from the North, Cáhuil and Faro from the Center, and Regalona and Villarica from the South. 
To evaluate the differences among ecotypes, an analysis of variance was conducted using one-way ANOVA and the 
least significant difference (LSD) test. Proximate analysis of quinoa seeds including moisture, crude protein, fat, 
crude fiber, ash and available carbohydrates for the six ecotypes showed differences among samples (p-value<0.05). 
All cultivars showed good quality with respect to protein, Regalona and Villarica from Southern presented the highest 
content (14.66 and 16.10 g/100 g, respectively). According to DPPH and TPC analysis, Faro and Cáhuil from Centre 
showed the highest antioxidant capacity (p-value<0.05). Southern Regalona presented the highest content in vitamins 
B1 (0.648 ± 0.006 mg/100 g) and B3 (1.569 ± 0.026 mg/100 g) while the highest value of vitamin B2 (0.081 ± 0.002 
mg/100 g) was observed in the Northern Ancovinto samples. Regarding vitamin E, the highest value was shown by 
the Southern Villarica samples (4.644 ± 0.240 mg/100 g d.m.).These results represent fundamental information 
required for further quinoa processing. 
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1. Introduction 
Quinoa (Chenopodium quinoa Willd.) is a native plant of the Andean region and is a member of the 
subsection Cellulata, section Chenopodium, genus Chenopodium [1].The seed is resistant to drought and 
frost and is frequently cultivated on poor soils [2]. The Incas appreciated their high nutritional value, 
and the ease in milling these crops made it possible for the rural populations to take advantage of their 
nutritional value and the exceptional balance between oil, protein and fats [1, 3, 4].  
Nowadays, Peru, Bolivia, Chile, Ecuador, Colombia and Argentina have expanded the production of 
this pseudocereal focusing on great technological and commercial interest not only for human nutrition 
but also due to the releases of by-products that offer good nutritional alternatives for animals feeding as 
well as applications in pharmaceutical industry [1, 3, 5, 6, 7]. In Chile, quinoa was cultivated in three 
different areas (Figure 1). Its conservation reveals its rich biodiversity, as quinoa landraces can be 
suitable for very different environments, even the extreme ones [8]. 
The objective of this work was to determine the physico-chemical properties, vitamins (B1, B2, B3 
and E) and the antioxidant activity of six ecotypes of quinoa (Chenopodium quinoa Willd) cultivated in 
three quinoa production zones of Chile (North Highlands, Center and Southern Chile). 
2. Materials & Methods 
2.1. Origin of quinoa seed and preparation of samples 
The quinoa seeds were harvested from the three ancestral production areas of Chile including 
samples from the three genetic pools (North Highlands, Central and Southern Chile) (Figure 1). A total 
of 6 ecotypes of quinoa were provided. The two Highland ecotypes were called Ancovinto and Cancosa 
(around 19 ºS). The two central ecotypes were called Cahuil and Faro (around 34 ºS) and the two 
southern ecotypes were called La Regalona (official variety) and Villarrica (around 39 ºS). The samples 
were analyzed without a dehusking treatment, so that they were only inspected visually to discard 
contaminant particles or impurities.  
 
 
Fig. 1. Quinoa cultivated in three production zones of Chile 
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2.2. Proximate analysis  
The moisture content was determined by the A.O.A.C. method nº 934.06. The crude protein content 
was determined using the Kjeldahl method with a conversion factor of 6.25 (AOAC nº. 960.52). The 
lipid content was determined gravimetrically following Soxhlet extraction (AOAC nº. 960.39). The 
crude fiber was estimated by acid/alkaline hydrolysis of insoluble residues (AOAC no. 962.09). The 
crude ash content was estimated by incineration in a muffle furnace at 550 ºC (AOAC no. 923.03). All 
methodologies followed the recommendations of the Association of Official Analytical Chemists [9].  
2.3. Determination of Total Phenolic content 
Total phenolic content (TPC) were determined colorimetrically using Folin-Ciocalteau reagent (FC) 
according to Chuah et al. [10] with modifications. 0.5 mL aliquot of the quinoa extract solution were 
transferred to a glass tube; 0.5 mL of reactive FC were added after 5 min; and 2 mL of Na2CO3 solution 
(200 mg/mL) were added and shaken. The sample was then mixed on a vortex mixer and the reaction 
proceeded for 15 min at ambient temperature. Then, 10 mL of ultra-pure water were added and the 
formed precipitate was removed by centrifugation during 5 min at 4000×g. Finally, the absorbance was 
measured in a spectrophotometer (Spectronic® 20 GenesysTM131, Illinois, USA) at 725 nm and 
compared to a galic acid (GA) calibration curve. Results were expressed as mg GA/100 g dry matter. All 
reagents were purchased from Merck (Merck KGaA, Darmstadt, Germany).  
2.4. Determination of DPPH radical scavenging activity 
Free radical scavenging activity of the samples was determined using the 2,2,-diphenyl-2-picryl-
hydrazyl (DPPH) method [11] with some modifications. Different dilutions of the extracts were 
prepared in triplicate. An aliquot of 2mL of 0.15mM DPPH radical in ethanol was added to a test tube 
with 1mL of the sample extract. The reaction mixture was vortex-mixed for 30 s and left to stand at 
room temperature in the dark for 20 min. The absorbance was measured at 517 nm, using a 
spectrophotometer (Spectronic® 20 GenesysTM, Illinois, USA). 80% (v/v) ethanol was used to calibrate 
the spectrophotometer. Control sample was prepared without adding extract. All solvents and reagents 
were purchased from Sigma (Sigma Chemical CO., St. Louis, MO, USA). Total antioxidant activity 
(TAA) was expressed as the percentage inhibition of the DPPH radical scavenging activity and was 
determined by Eq. (1): 
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where TAA is the total antioxidant activity and Abs is the absorbance. IC50, which is the concentration 
required to obtain a 50% antioxidant capacity, is typically employed to express the antioxidant activity 
and to compare the antioxidant capacity of various samples. IC50 was determined from a graph of 
antioxidant capacity (%) against extract concentration (μg/mL sample). 
2.5. Vitamin E (Į-tocopherol)  
Samples were extracted with methanol-BHT (butylhydroxytoluene) (1mg/mL) solution as described 
by Miranda et al. [12]. The separation was carried out using a Symmetry column (150×4.6mm, 5μm) 
from Water (Milford, MA, USA) with methanol:acetonitrile (1:1 v/v) as mobile phase with a flow rate 
of 1.0 mL/min. Detection was performed by fluorescence using 295 nm and 325 nm as excitation and 
emission wavelengths, respectively. All solvents were of HPLC grade (Merck, Darmstadt, Germany). 
The vitamin E content was expressed in mg/100g d.m. 
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2.6. Determination of vitamin B1 (Thiamine)  
Samples were extracted by acid and enzymatic hydrolysis, where thiamine is oxidated to a 
thiochromo fluorescens derivated. The separation was carried out using a Supelco column C-18 (250 x 
4.8mm, 5 μm) with buffer sodium citrate (ajust to pH 7), citrate:methanol (65:35 v/v) as mobile phase 
with a flow rate of 1.5 mL/min in HPLC, Merck Hitachi. Detection was performed by fluorescence 
using 365 nm and 436 nm as excitation and emission wavelengths, respectively. All solvents were of 
HPLC grade (Merck, Darmstadt, Germany). The vitamin B1 content was expressed in mg/100g d. m. 
[13]. 
2.7. Determination of vitamin B2 (Riboflavine) 
Samples were extracted by an acid and enzymatic hydrolysis. The separation was carried out using a 
Supelco column C-18 (250 x 4.8mm, 5 μm) with n-heptane sulphonic acid acetronitile as mobile phase 
with a flow rate of 2.0 mL/min in HPLC. Detection was performed by fluorescence using 450nm and 
530nm as excitation and emission wavelengths, respectively. All solvents were of HPLC grade (Merck, 
Darmstadt, Germany). The vitamin B2 content was expressed in mg/100 d.m. [13].  
2.8. Determination of Vitamin B3 (Niacina) 
Samples were prepared after A.O.A.C. 961.14 [13] and measurements were performed in a Perkin 
Elmer Spectrophotometer (model lamda 2S) at 470 nm. All solvents were of HPLC grade (Merck, 
Darmstadt, Germany). The vitamin B3 content was expressed in mg/100 g d.m.  
2.9. Statistical analysis 
Triplicate determinations were applied for all analysis. All data were expressed as mean±standard 
deviation (SD). Analysis of data was performed using Statgraphics® Plus 5 software (Statistical 
Graphics Corp., Herndon, VA, USA). Significance testing was performed using Fisher's least significant 
difference (LSD) test; differences were taken as statistically significant when p-value <0.05. The 
Multiple Range Test (MRT) included in the statistical program was used to prove the existence of 
homogeneous groups within each of the parameters analyzed. 
3. Results &Discussion 
3.1. Physico-chemical composition 
Physico-chemical composition of six quinoa ecotypes from the three genetic zones (North, Center 
and South) are shown in Table 1 (p-value<0.05) and indicate, as expected, lower moisture content in the 
northern genetic zone (< 9.29 g/100g) as compared with the center and southern zones. The highest 
moisture content was found in the rainier Villarrica region (15.18 g/100g). Moisture ranges are found 
within those reported by Wright et al. [14] and Vega-Galvez et al. [15] for quinoa seeds from other 
Andean regions. The highest ash content was found in the southern zone (Regalona and Villarrica), 
which is characterized by soils strongly affected by volcanic activity [16]. The ash content of quinoa 
(3.15 – 3.65 g/100g) is similar to those obtained by Wright et al. [14] 2002 (2.2- 3.1 g/100g) and higher 
than that of rice (0.5%), wheat (1.8%) and other traditional cereals [1]. The Regalona and Villarrica 
ecotypes (both from Southern zones) also showed the highest total protein content (14-16 g/100g), while 
the ecotypes from the Central zone showed the lowest protein content (<12 g/100g), probably due to 
high bioavailability of nitrogen in these volcanic soils [16]. Quinoa seeds contained from 5.88 to 7.15 
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g/100g of fat, which falls within values reported by Vega-Galvez et al. [15] and this fat content is also 
higher respect to cereals like corn. The Villarrica ecotype has a significantly higher content of crude 
fiber (2.80 g /100g) as compared to the other five ecotypes (<1.9 g/100g), but all these had similar 
values to those reported by previous studies [17, 18]. 
 
Table 1. Physico-chemical composition of six quinoa ecotypes from the three genetic zones 
Genetic zones 
North Center South 
Ancovinto Cancosa Cahuil Faro Regalona Villarica 
Moisture 7.74 ± 0.07a 9.29 ± 0.06b 13.17 ± 0.02c 13.17 ± 0.10c 14.27 ± 0.03d 15.18 ± 0.02e
Ash 3.36 ± 0.06a 3.46 ± 0.10a,b 3.15 ± 0.07c 3.53 ± 0.04b,d 3.61 ± 0.09d 3.65 ± 0.09d
Protein (N x 6.25) 12.85 ± 0.28a 13.59 ± 0.08b 11.41 ± 0.54c 11.32 ± 0.19c 14.66 ± 0.38d 16.10 ± 0.14e
Fat 6.24 ± 0.06a 5.88 ± 0.13b 7.15 ± 0.16c 6.59 ± 0.10d 6.42 ± 0.09a,d 5.97 ± 0.07e
Crude Fiber 1.45 ± 0.06a 1.91 ± 0.28b 1.33 ± 0.46a 1.50 ± 0.14a 1.90 ± 0.23b 2.81 ± 0.07c
Total carbohydrates  68.36 ± 0.42a 65.88 ± 0.08b 63.80 ± 0.68c 63.89 ± 0.17c 59.14 ± 0.27d 56.73 ± 0.19e
Value are expressed as mean±standard deviation (n=3). All data are expressed as g/100 g d.m. N: Nitrogen 
Different letters in the exponential in the same row show there are significant differences (p-value<0.05). 
 
3.2. Antioxidant activity 
Total phenolic content (TPC) and DPPH free radical scavenging activity (IC50) are shown in Figure 2 
(p-value<0.05). The TPC content ranged from 14.22 to 65.53 mg GA/100 g d.m for the six ecotypes. 
The TPC values in the present study are similar to values found in the literature, Miranda et al. [12] 
working with seed of quinoa from Elqui Valley, Chile, reported values of 28.41 mg GA/100 g d.m and 
Gorinstein et al. [19] with quinoa from Perú reported 60 mg GA/100 g d.m. In a recent study the total 
phenolic content of quinoa from Bolivia was 71.7 mg 100 g-1 d.m. [20], which is higher than the content 
found in this study.  
As shown in Figure 2, the Faro ecotype presented the best results (lowest IC50 values) (461.89 
μg/mL), while Ancovinto ecotype presented the worst results (3773.37 μg/mL). Nsimba et al. [21] 
working with different ecotypes of quinoa, from Japan and  Bolivia highlands, presented IC50 values 
between 100 – 7500 μg/mL (ecotypes of Japan) and  300-15800 μg/mL (ecotypes of Bolivia Altiplano). 
Data variation in the antioxidant capacity of quinoa ecotypes is expected, as many factors such as 
genetic, agrotechnical processes and environment conditions can influence the presence of phenolic 
compounds [20,21]. 
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Fig. 2.  Total phenolic content (TPC) and  DPPH free radical scavenging activity (IC50) of six ecotypes quinoa 
3.3. Vitamins B and E content 
Table 2 shows vitamin contents. The vitamin B contents observed ranged from 0.349-0.648 mg/100g 
for B1; 0.056-0.081 mg/100g for B2 and 0.562-1.569 mg/100g for B3, respectively. 
The vitamin B1 has the highest value on Regalona seeds (the hybrid variety) probably as a result of a 
general better soil quality in southern Chile, with higher organic matter content [22]. There were not 
significant differences (p-value>0.05) in B1 vitamin content between centre zone cultivars. Koziol [23] 
presented vitamin B1 values of 0.38 mg/100g d.m. for quinoa, Ruales and Nair [24] of 0.4 mg/100g 
d.m.,  Batifoulier et al. [25] reported vitamin B1 values ranging from 0.259-0.613 mg/100g d.m. from 49 
north-western European wheat cultivars.  
Vitamin B2 values are very lower that reported by Koziol [23] 0.39 mg/100g d.m. and Ruales and 
Nair [24] 0.2 mg/100 g d.m. Even though vitamin B3 (Niacin) supply is low in quinoa cultivars, these 
values are lower that ones reported by Lebiedzinska and Szefer [26] on rice brown and barley with 4.36 
and 4.07mg/100g respectively. Koziol [23] reported niacin content of 1.06 mg/100 g d.m. for quinoa.  
Significant differences in B vitamin contents have been reported in wheat due to variety, growing 
location (for thiamine and riboflavin), soil type and years (for thiamine and pyridoxine) [25]. 
Another interesting result was the amount of vitamin E (D-Tocopherol) found in the six different 
quinoa cultivars (2.445-4.644 mg/100g). The values found in this study are higher than those of wheat, 
rice and barley obtained by Koziol [23] with 1.15; 0.18 and 0.35 mg/100 d.m. respectively. Thus, quinoa 
can be a source of vitamin E in all Chilean zones (>2.4 mg/100g), but mainly in the southern Villarrica 
cultivar (containing 4.6 r 0.24 mg/100g d.m). 
Table 2. Vitamin content of six quinoa ecotypes from the three genetic zones 
Genetic Zones 
 North Centre South 
  Ancovinto Cancosa Cahuil Faro Regalona Villarrica 
Vitamin B1 0.452 ± 0.018a 0.485 ± 0.006b 0.562 ± 0.017c 0.558 ± 0.027c 0.648 ± 0.006d 0.349 ± 0.006e
Vitamin B2 0.081 ± 0.002a 0.073 ± 0.002b 0.067 ± 0.002c 0.060 ± 0.005d 0.056 ± 0.002e 0.074 ± 0.001b
Vitamin B3 0.994 ± 0.046a 0.562 ± 0.013b 1.303 ± 0.051c 1.226 ± 0.056d 1.569 ± 0.026e 1.418 ± 0.005f 
Vitamin E 2.465 ± 0.184a 2.587 ± 0.108a 2.613 ± 0.039a 3.051 ± 0.079b 2.445 ± 0.082a 4.644 ± 0.240c
Value are expressed as mean±standard deviation (n=3). All data are expressed as mg/100 g d.m. 
Different letters in the exponential in the same row show there are significant differences (p-value<0.05). 
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4. Conclusion 
The quinoa ecotypes have influence on the physico-chemical characteristics, antioxidant activity, 
vitamins and therefore on their nutritive value. Proximate analysis of quinoa seeds including moisture, 
crude protein, fat, crude fiber, ash and available carbohydrates for the six ecotypes showed differences 
among samples (p-value<0.05). All cultivars showed good quality with respect to protein. Southern 
Regalona and Villarica presented the highest content (14.66 and 16.10 g/100 g, respectively). According 
to DPPH and TPC analysis, Faro and Cáhuil from central Chile showed the highest antioxidant capacity 
(p-value<0.05). Southern Regalona presented the highest content in vitamins B1 (0.648 ± 0.006 mg/100 
g) and B3 (1.569 ± 0.026 mg/100 g) while the highest value of vitamin B2 (0.081 ± 0.002 mg/100 g) was 
observed in Northern Ancovinto samples. Regarding vitamin E, the highest value was shown by the 
Southern Villarica samples (4.644 ± 0.240 mg/100 g d.m.). Our study demonstrates that all quinoa 
ecotypes of Chilean crops have a significant potential as sources of nutritional value. 
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